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Method for di agnosing and treating NlS-expressina carcinomas and metas- 

^- ^ ~tei^r~ DioTRec'dPCT/PTC DEC 2004 

Description 

5 

[0001] The present invention relates to a method for diagnosing and/or 
treating sodium-iodide symporter (NlS)-expressing primary carcinomas and 
metastases, preferably glandular carcinomas, in particular carcinomas of 
the thyroid, of the salivary gland, of the uterus and carcinomas of the 
10 breast, and to a pharmacological composition comprising substances 
which induce and/or increase the expression or function of NIS and, as a 
consequence, increase iodide uptake into the cells, and to corresponding 
uses. This is used for an efficient organ-specific radioiodide uptake In diag- 
nosis and therapy of said carcinomas and metastases. 

15 

[0002] Some methods for diagnosing and treating primary glandular carci- 
nomas and metastases of glandular carcinomas such as of the thyroid, of 
the salivary gland, of the uterus and carcinomas of the breast are known in 
the art. Known diagnostic methods include sonography, mammography 

20 and magnetic resonance imaging. The disadvantages of these methods 
are in particular that they must be employed in combination in order to in- 
crease the specificity of the diagnosis. Ordinarily, a core needle biopsy fol- 
lows and may lead to dissemination of cancer cells and thus to iatrogenic 
metastasis. The definitive diagnosis must be made by surgical resection or 

25 core needle biopsy and histological examination of the nodule, and it often 
emerges that the nodule is benign. The elaborate diagnostic procedure 
frequently results in loss of time and unnecessary surgical procedures. 

[0003] Primary therapy of said tumors usually consists of surgical resection 
30 of the primary carcinoma. Depending on the size of the tumor (e.g. larger 
than 2 cm In diameter) or evidence of lymph node involvement, especially 
in carcinoma of the breast, additionally the Ipsilateral axillary lymph nodes 
are removed, with, where appropriate, irradiation of the supraregional area. 
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Investigations are performed postoperatively to detect or exclude remote 
metastases, i.e. for example an upper abdominal sonography, a chest ra- 
diograph and a skeletal scintigram. Only metastases above a certain size 
are identified in these cases. Smaller metastases, i.e. for example smaller 
5 than 0.5 cm in diameter, so-called micrometastases, are often not identi- 
fied. In the bone scintigram, degenerative or inflammatory changes may 
lead to false-positive findings. In the event of metastases, chemotherapy is 
carried out, but may have considerable side effects. This treatment is only 
palliative and leads merely to a small increase in lifespan. 

10 

[0004] One object of the present invention is to provide a method for the 
rapid, specific and reliable diagnosis and for the efficient treatment of car- 
cinomas and metastases, in particular of primary glandular carcinomas and 
metastases of glandular carcinomas, especially of carcinomas of the thy- 
15 roid. of the salivary gland, of the uterus, and of carcinomas of the breast, a 
pharmacological composition for the therapy, and an in vitro diagnostic sys- 
tem on resected tissue for the diagnosis and assessability of the possibility 
of treating said carcinomas. 

20 [0005] To achieve this object, the invention firstly proposes a method hav- 
ing the features specified in claim 1. Further developments of the method, 
pharmacological compositions, and corresponding uses are the subject 
matter of the other dependent and independent claims 2 to 39. whose 
wording is incorporated in the description by reference. 

25 

[0006] The abovementioned aim is achieved according to the invention by 
a method in which there is organ-specific stimulation of enhanced iodide 
uptake through inducing or increasing NIS gene expression and function in 
said types of tumors, which uptake can be utilized for specific diagnosis 
30 and/or targeted therapy. 



[0007] The sodium-iodide symporter (NIS) is responsible for active iodide 
uptake in the thyroid. The iodine is used in the follicle cells of the thyroid for 
the purpose of biosynthesizing thyroid hormones (N. Carrasco. Biochim 
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Biophys Acta. 1993 June 8; 1154 (1): 65-82). NIS expression has been 
utilized for decades for diagnosing and treating differentiated thyroid carci- 
nomas based on the administration of radioiodide (E.L. Mazzaferri, 1996 in 
The Thyroid, eds. L.E. Braverman and R.D. Utiger (Uppincott-Raven. 
5 Philadelphia), pp. 942-945). NIS is also expressed, in some cases func- 
tionally, in many extrathyroid tissues such as kidneys, placenta, salivary 
glands, gastric mucosa and lactating mammary gland, as has been dem- 
onstrated at the mRNA and protein levels (A. De La Vieja et al., Physiol 
Rev. 2000 Jul. 80 (3): 1083-105). 

10 

[0008] NIS has been detected in 80% of human mammary gland cancers 
by means of immunohistochemistry (U.H. Tazebay et al.. Nat Med. 2000 
Aug. 6 (8): 871-8). without, however, identifying a biological in vivo func- 
tion, Breast cancer is the third commonest cancer in the world and the 

15 commonest malignant disease of women. The expression of functional NIS 
may therefore be useful in the radioiodide diagnosis and therapy of re- 
sponsive tumors of the breast (see reviews by A. De La Vieja et al.. Physiol 
Rev. 2000 July 80 (3):1083-105; C. Riedel et al.. Trends Biochem Sci. 
2001 Aug. 26 (8): 490-6; A.E. Heufelder et al.. Thyroid. 2001 Sep. 11 (9): 

20 839-47). 

[0009] Factors which modulate NIS expression and iodide uptake In breast 
cancer cells have not to date been investigated in detail. There has re- 
cently been a report of the induction of the NIS gene by frans-retinoic acid 

25 (tRA) in the breast cancer cell line MCF-7. It was suggested that the tRA- 
Induced NIS expression Is stimulated by two families of nuclear receptors, 
namely retinoic acid receptors (RARs) and retinoid X receptors (RXRs) 
(T. Kogai et al.. Proc Natl Acad Sci USA. 2000 July 97 (15): 8519-24). 
MCF-7 cells express not only functional RAR/RXR but also nuclear PPAR-y 

30 (peroxisome proliferator activated receptor-y) (M.W. Titcomb et al. Mol En- 
docrinol. 1994 July 8 (7): 870-7; M.W. Kilgore et al.. Mol Cell Endocrinol. 
1997 May 129 (2): 229-35). PPAR-y regulates, in the presence of appropri- 
ate ligands, through heterodimerization with RAR/RXR (RXRa, RXRp or 
RXRy) the transcription of target genes (M. Sato et al. Biochem Biophys 
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Res Commun. 2001 Jan. 280 (3): 646-51). PPAR-y and RAR/RXR are co- 
expressed in various malignant epithelial tumors such as carcinomas of the 
brain, breast, prostate and lung (J.O. Nwankwo and M.E. Robbins. Pros- 
taglandins Leukot Essent Fatty Acids. 2001 April-May 64 (4-5): 241-5; K. 
5 Inoue et al.. Anticancer Res. 2001 July-August 21 (4A): 2471-6). 

[0010] The present invention shows that iodide uptake in cells of certain 
carcinomas can be considerably increased by a simultaneous or sequential 
action of PPAR-y ligands and RAR/RXR ligands, with a multiple potentia- 

10 tion by the PPAR-y ligands of the iodide uptake induced by the RAR/RXR 
ligands. This synergism is attributable to a heterodimerization of the 
PPAR-y and RAR/RXR receptors and an NIS gene expression which is 
induced or stimulated and/or enhanced thereby. An increase, brought 
about in this way, of the iodide uptake into the cell is utilized according to 

15 the invention for the diagnosis and therapy of NIS-expressing primary car- 
cinomas and metastases, especially primary tumors and/or metastases of 
glandular carcinomas, especially of carcinomas of the thyroid, of the sali- 
vary gland, of the uterus and of carcinomas of the breast, and other glan- 
dular carcinomas. 

20 

[0011] To detect induction of NIS gene expression in the selected carcino- 
mas by the heterodimerizing PPAR-y and RAR/RXR receptors, the present 
invention investigated in particular the effect of. for example, ciglitazone 
(CIG), a synthetic PPAR-y ligand, on iodide uptake by MCF-7 cells with and 

25 without addition of trans-RA (tRA), The breast cancer cell line MCF-7 ex- 
presses the PPAR-y and RAR/RXR receptors (M.W. Kilgore et al., Mol Cell 
Endocrinol. 1997 May 129 (2): 229-35). It was possible to show according 
to the invention that the receptors activated by the appropriate ligands syn- 
ergistically induce or stimulate and/or enhance NIS gene expression, and 

30 thus enhance the function of NIS. 

[0012] Ciglitazone (CIG) is a substance belonging to the class of synthetic 
thiazolidinediones (TZDs) which represent the most potent PPAR-y indue- 
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ers (G J. Murphy and J.C. Holder, Trends Pharmacol Sci. 2000 Dec. 21 
(12): 469-74). This substance has been described as selective activator of 
PPAR-Y (Y. Sugiyama et al.. Nippon Rinsho. 2000 Feb. 58 (2): 370-5). 

5 [0013] The present invention shows that CIG in combination with tRA dis- 
tinctly enhances iodide uptake in the breast cancer cell line MCF-7 com- 
pared with the iodide uptake induced or increased by tRA alone, whereas 
CIG alone shows no effect (Fig. 1). The NiS expression induced by CIG 
and tRA, or the iodide uptake brought about thereby, is specific for MCF-7 
10 cells. For example, no iodide uptake was observable in the cervical carci- 
noma cell line HeLa after treatment over 48 hours with CIG and tRA (Fig. 
2). 

[0014] Treatment of MCF-7 cells with tRA alone increases iodide uptake by 
about 6-fold. However, combination of tRA with CIG increases iodide up- 
take by about 20-fold compared with untreated cells (Fig. 1). Simultaneous 
treatment of the breast cancer cells with CIG and tRA thus brings about a 
more than 3-fold increase in the iodide uptake compared with cells treated 
only with tRA. CIG alone does not induce Iodide uptake in MCF-7 cells. It 
has additionally been shown according to the invention that the concentra- 
tion of NIS mRNA is distinctly increased by treating the cells with tRA. 
demonstrating an effect of the substances at the level of transcription. 
These results show that NIS gene expression is increased synergistically 
by treatment of CIG in combination with retinoic acid in the breast cancer 
cell line MCF-7. 

[0015] It is known from earlier investigations that frans-retinoic acid (tRA) 
induces iodide uptake in MCF-7 cells by stimulating NIS expression, the 
effect of tRA being mediated by the RAR/RXR receptors (T. Kogai et al., 
30 Proc Natl Acad Sci USA. 2000 July 97 (15): 8519-24). The results which ^ 
have led to the present invention show the presence of functional respon- 
sive elements for the PPAR-y and RAR/RXR receptors in cancer cells, with 
the responsive elements and the receptors synergistically interacting with 
one another. The observation that the increase, induced by a simultaneous 
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action of CIG and tRA. in NIS expression is specific to IVICF-? cells and 
does not take place in, for example. HeLa cells (Fig. 2) shows the selectiv- 
ity of the described mechanism for particular cancer cells. This result is 
consistent with the previously described observation that tRA does not In- 
5 duce iodide uptake in other cancer cell lines, such as the prostate cancer 
cell line LNCaP, the choriocarcinoma cell line JEG-3 or two non-small-cell 
lung cancer cell lines A549 and H460 (T. Kogai et al., Proc Natl Acad Sci 
USA. 2000 July 97 (15): 8519-24). 

10 [0016] On the basis of the described results, a method for diagnosing 
and/or treating sodium-iodide symporter (NlS)-expressing carcinomas 
and/or metastases is proposed according to the invention. In this method 
there is organ-specific stimulation of an induction or increase in NIS gene 
expression in said types of tumor and enhanced iodide uptake, which is 

IS utilized according to the invention for a specific diagnosis and/or a targeted 
therapy. 

[0017] The method of the invention can be employed particularly preferably 
for the diagnosis and/or treatment of glandular carcinomas, especially car- 
20 cinomas of the salivary gland, of the thyroid, of the uterus and of breast 
cancer or carcinomas of the breast, and/or the corresponding metastases. 

[0018] The induced or increased NIS gene expression is utilized according 
to the invention for introducing, through the enhanced expression or func- 

25 tion of the sodium-iodide symporter, preferably radioactive substances into 
the tumor cells. The radioactivity can be utilized as a very sensitive Indica- 
tor In the diagnosis by means of scintigraphic methods and/or as active 
therapeutic agent in the therapy by means of radiolysis. Radiolysis means 
destruction of the cells by radioactive radiation. A particular advantage of 

30 radiolysis is that, even with only a very small uptake of radioiodide, the ra- 
diolytic effect is, owing to the range of the radiation, transferred to 
neighboring ceils as so-called bystander effect. 

[0019] The substances preferably employed according to the invention are 
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those having a high affinity for the NIS symporter, especially iodine and/or 
technetium. However, other substances with affinity, especially from the 
halogen group, can also be used. The use of radioiodide and/or techne- 
tium, especially radioactive technetium, after preferably systemic use of the 
5 NIS gene-inducing active compounds, i.e. in particular the PPAR-y and 
RAR/RXR ligands, proves according to the invention to be particularly 
valuable means for the diagnosis and treatment of the tumors indicated 
above. It is possible and particularly advantageous to use as radioactive 
iodine for this purpose ^^^1. ^^^1 and/or ''^^1, especially in the form of an alkali 
10 metal or alkaline earth metal iodide, for example sodium iodide (Nal). In 
this connection, ^^^1 is particularly advantageously employed for diagnosis, 
and ^^^1 is particularly advantageously employed for therapy. 

[0020] The term "iodide uptake" hereinafter also means uptake of other 
15 substances which have an affinity for the NIS symporter and can be ac- 
tively transported by it. Addition of the substance whose transport by the 
sodium-iodide symporter is to be detected or which is intended to cause 
radiolysis advantageously takes place after an appropriate time after ad- 
ministration o^ the active compounds which serve to stimulate and/or en- 
20 hance NIS gene expression. An appropriate time may in this connection be 
for example about 1 to 5 days, preferably about 1 to 3 days. About 2 days 
are particularly preferred. 

[0021] In a preferred embodiment of the method of the invention, NIS gene 
25 expression is induced by means of a treatment with at least one PPAR 
ligand, especially a PPAR-y ligand, and at least one RAR/RXR ligand as 
active compounds, in which case the iodide uptake which is increased by 
the RAR/RXR ligand is potentiated in a synergistic manner by the PPAR-y 
ligand. It is particularly preferred in this connection for the ligands for the 
30 two types of receptors to be administered sequentially, with the at least one 
RAR/RXR ligand preferably being administered first and the at least one 
PPAR ligand being administered after an appropriate time. The intention is 
that initial induction of NIS gene expression takes place in this time. It is 
additionally possible through the sequential administration to abolish a 
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blockade of the PPAR-y, which may be brought about by a suppressor, by 
an RAR/RXR activated with an appropriate ligand, so that the PPAR-y 
ligand can subsequently have a maximal effect. A suitable pretreatment 
with an RAR/RXR ligand, in particular with retinoic acid, can advanta- 
5 geously be carried out over a few hours up to some days. 1 to 3 days are 
particularly preferred, especially 2 days. Such a pretreatment can take 
place for example through an appropriate infusion and/or through single or 
multiple oral administration of the appropriate active compound. In addition, 
initial administration of the at least one PPAR^ ligand, and sequential ad- 
10 ministration of the at least one RAR/RXR ligand may also be preferred. 
Simultaneous administration of ligands for both types of receptors may 
likewise lead to the desired result and be preferred. 

[0022] Ligands preferably used for the PPAR-y receptor are active com- 
15 pounds from the class of thiazolidinediones, especially ciglitazone, pioglita- 
zone, rosiglitazone or mixtures thereof. The ligand preferably employed for 
the RAR/RXR receptors is retinoic acid and/or at least one pharmacologi- 
cally acceptable derivative thereof, especially frans-retinoic acid and/or at 
least one derivative thereof. This derivative may be for example a salt or an 
20 ester, in particular an ester with an alkanoic acid preferably having 1 to 4 C 
atoms. 

[0023] In a further embodiment of the invention, besides the PPAR-y and 
RAR/RXR ligands described above it is also possible to employ additional 

25 substances which have a modulating, in particular activating, effect on the 
activity of the active compounds. These substances are preferably activa- 
tors, in particular coactivators, which are able for example to form a com- 
plex with the two types of receptors. Substances suitable for this purpose 
are those able to take part as further receptor in the complex formation and 

30 which have an activating effect on NIS gene expression in the sense ac- 
cording to the invention. 

[0024] It is additionally possible by administering suitable substances to 
attenuate and/or eliminate the effect of cell-intrinsic substances which act 
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in particular as suppressors to inhibit the activation of NIS gene expression 
by PPAR ligands and RAR/RXR ligands, so that NIS gene expression can 
be increased according to the invention. Examples of such suppressors 
which inhibit activation of NIS gene expression are the liver lipid receptor 
5 (LXR) and/or the thyroid hormone receptor (Ide T. et al., Molecular Endo- 
crinology, May 2003; Behr M. and U. Loos, Exp Clin Endocrinol Diabetes 
1996 (104) SuppI 4: 111-6). These receptors and/or corresponding ago- 
nists, e.g. ligands of these receptors, attenuate or suppress the het- 
erodimerization of PPAR-y and RAR/RXR. Administration of antagonists of 

10 these receptors having a suppressant effect eliminates or blocks these 
suppressors according to the invention, and thus enhances the interaction 
of PPAR-y and RAR/RXR and therefore increases their effect according to 
the invention on NIS gene expression and function. Examples of antago- 
nists which can be employed are those ligands of the liver lipid receptor 

15 and/or thyroid hormone receptor which block the activity thereof. Examples 
of such antagonists, especially of thyroid hormone receptor antagonists, 
are TRIAC and/or TETRAC. 

[0025] A further possibility is also to employ as activator for example a his- 
20 tone deacetylase inhibitor, In particular trichostatin A and/or a butyrate. It is 
known of histone deacetylase inhibitors that it increases NIS expression in 
a moderately differentiated thyroid carcinoma cell line (M. Kitazono et al., J. 
Clin Endocrinol Metab. 2001 July 86 (7): 3430-5). Alternatively, suppres- 
sors which downregulate in particular the expression of the NIS gene can 
25 be eliminated or blocked by suitable substances. 

[0026] Targeted induction of NIS gene expression for the diagnosis and/or 
therapy of said types of tumors can also be achieved according to the in- 
vention with other active compounds. These active compounds may be 
30 hormones or other ligands for particular receptors which are expressed on 
the surface of the cells of the indicated metastases or carcinomas. An ex- 
ample which should be mentioned of such active compounds is prolactin, 
which is known to be able to modulate iodide uptake in lactating mammary 
gland cells. 
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[0027] A particularly preferred embodiment of the diagnostic method of the 
invention includes an in vivo diagnosis. For this purpose, at least one 
ligand for the PPAR-y receptor, e.g. a thiazolidinedione such as, for exam- 
5 pie. ciglitazone, and at least one ligand for the RAR and/or RXR receptor, 
e.g. frans-retinoic acid, is administered to the patient to be investigated. 
Oral or parenteral administration is preferred. Intravenous administration of 
the substances is likewise possible. Preferably after an appropriate time 
during which induction of the NIS gene takes place, a suitable dose of a 

10 further substance, in particular technetium and/or radioactive iodine, e.g. 
^^^iodine, is administered. This time is advantageously about 1 to about 5 
days, preferably about 1 to about 3 days. About 2 days are particularly pre- 
fen^ed. Preferably after a further appropriate period of time, which is suit- 
able for iodide uptake or, for example, technetium uptake in cells, the up- 

IS take of the substance into the cells is analyzed. This takes place for exam- 
ple by a whole-body scintigram or a local scintigram, for example of the 
breast, to detect primary tumors and/or metastases. Since the iodide up- 
take after such a treatment is potentiated according to the invention only in 
NIS-expressing cells, the in vivo diagnostic method of the invention makes 

20 specific indication of tumors possible. With this method it is possible to de- 
tect specifically even very small tumors or micrometastases which have a 
diameter of less than 0.5 cm and can, for example, still be curatively 
treated. This shows a further particular advantage of the method of the in- 
vention, since detection of such micrometastases is usually not possible 

25 with conventional diagnostic methods. 

[0028] An analysis of the abovementioned types of cancer can also take 
place according to the invention by an in vitro diagnostic method. This can 
particularly preferably be used for establishing and/or optimizing the dose 
30 of the active compounds and/or substances to be administered, especially 
of the corresponding receptor ligands. for the subsequent therapy. The in 
vitro diagnostic method can include for example the following steps. The 
cells of a sample to be investigated, for example a sample resected surgi- 
cally, are initially incubated with, for example, at least one ligand for the 
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PPAR-y receptor, e.g. a thiazolidinedione, and at least one ligand for the 
RAR and/or RXR receptor, e.g. ^rans-retinoic acid. Subsequently, cells thus 
prepared are treated with, for exannple, radioactive iodine and/or techne- 
tium. The conditions for this should permit uptake of the iodine or techne- 
S tium by the cells and are known to the skilled worker. Finally, the content or 
the concentration of the transported iodine or technetium in the cells can be 
determined. Measurement of the radioactive iodine or technetium can be 
carried out by known methods, such as, for example, In a gamma counter. 
Alternatively, instead of incubation with a source of radioactive iodine or 

10 technetium and subsequent measurement of the radioactivity, it is also 
possible to measure expression of the NIS mRNA in the cells of the sample 
to be investigated after the treatment with the active compounds or ligands 
for the PPAR-y and RAR/RXR receptors. In this case, the expression of 
NIS mRNA can be determined by means of a reverse transcriptase poly- 

15 merase chain reaction (RT-PCR) or other methods known in the art. 

[0029] A therapeutic method of the invention for treating the indicated types 
of cancer may include for example the following steps. Initially active com- 
pounds able to induce NIS gene expression in said types of tumors are 

20 administered to the patient to be treated. It is particularly preferred to ad- 
minister, in particular orally and/or parenterally, for this purpose at least 
one ligand for the PPAR-y receptor, e.g. a thiazolidinedione, in combination 
with one or more ligands for the RAR and/or RXR receptor, e.g. trans- 
retinoic acid. Intravenous administration of the active compounds is like- 

25 wise possible. The ligands can be administered simultaneously or sequen- 
tially. After an appropriate time during which the NIS gene is induced, a 
suitable dose of a substance intended to bring about radiolysis of the tumor 
cells is administered. Radioactive iodide, e.g. ^^''iodide, is particularly pre- 
ferred in this connection. Neither in the therapy nor in the described diag- 

30 nostic methods is it absolutely necessary to wait an appropriate time before 
administering for example radioactive iodine. It is likewise possible for the 
administration of the ligands and the administration of iodine for example to 
take place simultaneously. The described steps are repeated if necessary 
at suitable time intervals, e.g. between 7 and 14 days. The radioiodide up- 
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take takes place according to the invention organ-specifically. mainly in the 
cells of the indicated types of tumors, in which NIS expression is potenti- 
ated and iodide uptake is enhanced through the treatment. In contrast to a 
systemic radiotherapy known in the art, the tumor cells of the specified car- 
5 cinemas and metastases are addressed specifically with the therapeutic 
method of the invention. The progress and success of treatment can be 
followed for example using the in vivo and/or in vitro diagnostic methods 
described above. The therapy of the invention can particularly advanta- 
geously take place after surgical removal of primary tumors, in order thus 
10 to be able to control metastases successfully. In some circumstances, it 
may also be preferred to employ the therapy of the invention instead of an 
operation or possibly before an operation. This is advantageous especially 
when an operation does not come under consideration for any reasons. 

IS [0030] The present invention additionally relates to pharmacological com- 
positions and products comprising active compounds able to induce, stimu- 
late and/or enhance NIS gene expression in said types of tumors. Such 
compositions preferably comprise as active compounds ligands for the 
PPAR, especially PPAR-y, and RAR and/or RXR receptors. Compositions 

20 advantageous in this connection are those comprising at least one active 
compound from the class of thiazolidinediones and retinoic acid and/or its 
derivatives, especially frans-retinoic acid. It is additionally possible for such 
compositions according to the invention to include further substances, 
preferably activators, especially coactivators, of the NIS gene and/or his- 

25 tone deacetylase inhibitors, which likewise have a stimulating effect on NIS 
expression. In this regard, reference is made to the above description. The 
compositions or products may additionally include at least one pharmaco- 
logically acceptable carrier and/or excipient. Such compositions or products 
can be employed according to the invention as diagnostic aids and/or as 

30 medicaments for diagnosing and/or treating primary carcinomas and/or 
metastases, especially glandular carcinomas, preferably carcinomas of the 
thyroid, of the salivary gland, of the uterus and/or carcinomas of the breast, 
and the corresponding metastases. 
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[0031] The invention further includes a kit, in particular for the diagnosis 
and/or therapy of NIS gene-expressing carcinomas and/or metastases, 
which comprises active compounds able to induce, stimulate and/or en- 
hance NIS gene expression in the tumors. This kit particularly preferably 
5 comprises at least one ligand for the PPAR^ receptor, in particular a thia- 
zolidinedione such as, for example, ciglitazone, and at least one ligand for 
the RAR and/or RXR receptor, in particular a frans-retinoic acid. The kit 
may additionally comprise a source of radioactive iodine and/or technetium. 
The kit may additionally comprise substances having a modulating effect, 

10 preferably activators, in particular coactivators. In this regard, reference is 
made to the description above. Particularly preferred as activator in this 
connection is a histone deacetylase inhibitor, in particular trichostatin A or a 
butyrate. Concerning further features of the composition and products of 
the invention, reference is likewise expressly made to the description 

IS above. 

[0032] Finally, the invention includes a use of at least one PPAR ligand. in 
particular a PPAR^ ligand. and of at least one RAR and/or RXR ligand for 
producing a diagnostic composition for the detection or for producing a 
20 medicament for the treatment of carcinomas and/or metastases which ex- 
press an NIS gene. These carcinomas and/or metastases are in particular 
primary tumors and/or metastases of glandular carcinomas, in particular of 
salivary gland carcinomas, thyroid carcinomas, uterine carcinomas and/or 
carcinomas of the breast. 



[0033] In a preferred embodiment of this aspect of the Invention, the at 
least one PPAR-y ligand comprises one or more thiazolidinediones, in par- 
ticular ciglitazone, pioglitazone and/or rosiglitazone. The at least one RAR 
and/or RXR ligand is advantageously retinoic acid, in particular trans- 
30 retinoic acid, and/or one or more pharmacologically acceptable derivatives 
thereof. An appropriate pharmacologically acceptable derivative is advan- 
tageously a salt and/or an ester of retinoic acid, in particular an ester with 
an alkanoic acid preferably having 1 to 4 C atoms. 
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[0034] A particularly preferred embodiment of the use according to the in- 
vention provides for employing the diagnostic composition and/or the me- 
dicament for combination with a substance which is actively transported by 
the NIS symporter. Expression of the NIS gene is induced or stimulated 
S and/or enhanced by the use of the described ligands, so that ultimately an 
increased activity of this symporter in the affected cells, and thus an en- 
hanced uptake of iodine or of other substances for which the symporter has 
an affinity is to be observed. This enhanced activity of the symporter is util- 
ized according to the invention for diagnosis or therapy by detecting the 
10 uptake of the affinity substance into the cell, or by bringing about through 
the uptake of, for example, radioactive affinity substances a radiolysis and 
thus a destruction of the affected cells. The affinity substances claimed are 
in particular halides, and in this connection particularty preferably iodine. A 
further preferred affinity substance is, for example, technetium. 

15 

[0035] In a particularly preferred embodiment of this aspect of the use ac- 
cording to the invention, the radioactive substance is radioactive iodine, 
preferably ^^^1, ^^^1 and/or ^^^1. It is particulariy preferred for the iodine, in 
particular the radioactive iodine, to be in the form of an iodide, preferably in 
20 the form of an alkali metal and/or alkaline earth metal iodide. Sodium iodide 
(Nal) is particularly advantageous in this connection. 

[0036] In a further advantageous embodiment of the uses according to the 
invention, the diagnostic composition or the medicament is configured so 

25 that the at least one RAR/RXR ligand is administered first, and the at least 
one PPAR ligand is administered after an appropriate time. Such a sequen- 
tial administration has the advantage that the synergistic effect of the two 
ligands or of the two ligand groups can be enhanced, which may derive in 
particular from initial suppression of the PPAR-y receptor in its activity for 

30 example through the presence of suppressors. The activation of RAR/RXR 
by the appropriate ligand(s) also converts PPAR-y into an active form, so 
that the full synergistic effect can be achieved through the subsequent ad- 
ministration of ligands for PPAR-y. On the other hand, it may also be ad- 
vantageous initially to administer at least one PPAR ligand, in particular at 
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least one PPAR-y ligand, and later to administer at least one RAR/RXR 
ligand. Administration of the ligand groups at the same time may also be 
preferred. Concerning further features of these uses according to the in- 
vention, reference is expressly made to the above description. 

5 

[0037] Besides the described the use of said ligands for producing a diag- 
nostic composition or for producing a medicament, the invention likewise 
includes the use of at least one PPAR ligand, in particular a PPAR-y ligand, 
and at least one RAR and/or RXR ligand for the diagnostic detection or for 
10 the treatment of carcinomas and/or metastases which express an NIS 
gene. Concerning further features of this aspect of the Invention, reference 
is made to the above description. 



[0038] The described method of the invention for the diagnosis and therapy 
15 of the types of tumors indicated above, and the relevant compositions, 
products and uses have the advantage compared with known methods and 
compositions inter alia that they make specific identification of primary tu- 
mors and/or their metastases, and an efficient and tumor-specific radioio- 
dine therapy, possible. 

20 

[0039] Further advantages, features and possible uses of the invention are 
described below by means of the exemplary embodiments with reference 
to the drawings. In this connection, the various features may in each case 
be implemented on their own or in combination with one another. The 
25 drawings show: 

Fig. 1 the effect of CIG on the tRA-induced iodide uptake in breast 
cancer cells. The cells were treated with 1 pM tRA with or with- 
out 5 pM CIG for 48 h. and the iodide uptake assay was carried 
30 out with (black rectangles) or without (white rectangles) 30 mM 

KCIO4. The values have been expressed as means ± SD (n=3); 

Fig. 2 the cell-specific effect of tRA and CIG on iodide uptake. MCF-7 
and HeLa cells were treated with 1 pM tRA with or without 5 pM 
CIG for 24 h. The iodide uptake assay was carried out in the 
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presence or absence of 30 mM KCIO4 for 1 h. The values have 
been expressed as means ± SD (n=3). 

Examples 

5 

[0040] All the cell lines used herein were purchased from the Deutschen 
Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Brunswick, 
Germany. DSMZ No.: MCF-7 (ACC 115)), MCF-7 cells were cultured in 
RPMI 1640 medium with 10% PCS (fetal calf serum) and addition of 1x 
10 nonessential amino acids, 0.01 mg/ml bovine insulin and 5% penicil- 
lin/streptomycin. The HeLa cells were cultured in RPMI 1640 medium. All 
the reagents for the cell culture were, unless indicated otherwise, pur- 
chased from Invitrogen, Karlsruhe, Germany. 

15 [0041] The experiments were statistically analyzed with the paired T test 
using the program from Statview, version 5.0 (SAS Institute Inc. USA). 

Iodide uptake experiments 

20 [0042] Cells were cultured in plates with 24 wells (24 Well Plates) for 24 h. 
The cells were then washed and subsequently the substances to be tested 
(ciglitazone, fra/7S-retinoic acid with or without KCIO4) were added in fresh 
medium. For the iodide uptake, the cells were first washed twice in pre- 
warmed RPMI 1640 medium without PCS. and then incubated in 1 ml of 

25 RPMI 1640 without PCS which comprised 0.1 MCI/ml Na^^^l (specific activ- 
ity: 10 mCi/mmol, Amersham Biosciences, Freiburg, Germany) and 10 pM 
Nal/well for 1 h. 

[0043] After the Incubation, the cells were washed twice with ice-cold RPMI 
30 1640 and lysed in 2% SDS-PAGE sample buffer (0.0625 M Tris-HCI, pH 
6.8) with 1 U/pl Benzonase (Merck KgaA, Darmstadt, Germany). The ''^^1 
uptake was measured in a gamma counter. An aliquot of each sample was 
employed to determine the protein concentration using the DC protein de- 
termination kit from Bio-Rad (Munich, Germany) in order thus to achieve 
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standardization with different numbers of cells. 

[0044] MCF-7 cells were firstly treated with 1 |jM frans-retinoic acid (tRA) 
(Sigma, Munich, Germany) in the presence or absence of 5 |jM CIG (Bio- 
5 mol, Hamburg, Germany) for 48 h at different time intervals. The maximum 
uptake was reached with 1 [iM tRA after 48 h. The iodide uptake assay 
showed that simultaneous treatment of the cells with tRA and CIG allows 
the iodide uptake which is increased 5-fold by tRA to be raised further (po- 
tentiated) by 3.3-fold (Fig. 1). 

10 

[0045] Induction of iodide uptake by combined stimulation with CIG and 
tRA was also tested in HeLa cells in order to show the specific effect of 
these substances on MCF-7 cells. HeLa cells were treated with 1 |jM tRA 
with or without 5 pM CIG for 48 h. Compared with MCF-7 cells, no induc- 
15 tion of iodide uptake was observed in HeLa cells after treatment with tRA, 
CIG and tRA combined with CIG for 48 h (Fig. 2). The same results were 
obtained when HEK-293 cells were employed in an analogous experiment 
(results not shown). These results show the specific effect on iodide uptake 
in MCF-7 cells by CIG in combination with tRA. 

20 

[0046] Viability of the cells was not impaired by the treatment with CIG and 
tRA, as shown by Trypan blue staining (results not shown). 

Blocking experiments 

25 

[0047] In order to test the specificity of NIS-mediated iodide uptake, the 
experiments described in the previous exemplary embodiment were also 
carried out in the presence of 30 mM KCIO4, the strongest specific NIS in- 
hibitor. 

30 

[0048] The iodide uptake was inhibited by KCIO4 (Fig. 1), indicating a spe- 
cific NIS-mediated iodide uptake by the breast cancer cells. 

[0049] These results show that the tRA-induced iodide uptake is multiplied 
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by CIG and that this is mediated by the specific function of NIS. 

[0050] The present invention is not restricted to the use examples de- 
scribed above. On the contrary, many modifications are possible and can 
5 be achieved by skilled workers, and are thus within the scope of this inven- 
tion. 
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